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SECRET

This 4is the first sunh report and oovars a thermoelectrio generator

of electrioal power ﬁor a small radio receiver in vhieh the source of -

energy is derived from a kerosane lamp. ,

“ggggé :epo&éy( will only .
. cover operational and technical tests. b o | )
A The lamp generator is not an important item for Amsrican exploitation,
_and in fact, isa somewhat old davelopment in the U.S.5. R. too. Howaver,
a teehnical report on it serves the purpose of femiliarizing proepective
 clients with the cheracteristics of seniconductor thermoelectric elements,

' whioh are of more general economie importance. g

.-
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-

INTRODUCTION

A type T3gK2-2 thermoelectric generator kerosene lamp was prooured
at the GUM Department Store in Moscow, U,S.5.R., during a visit in
September 1955, A photograph of the generator is shown as Fig, 1. It
oonsists of a kerosene lamp bowl and wick, a lamp globe, the finned thermo=-
electric generator proper, and a metallic chimney to carry off the hot
gas oombustion products.

The lamp globe confines and channels the combustion products through
a centrasl cylindrical cored "heat source" for the generator, After passage
through this heat core, the combustion products pass through the chimney.

A top view photograph of the generator is shown in Fig, 2.

A out-sway, approximste artist's visualization of the structure is
shown as Fig. 3. One may note that the basic structure 1s a heat diffuaion
core which acts as a high temperature source for a thermopile of seml-
conductor elements; the thermopile itself; a composite strusture of fins
which oreates the low "ambient® {emperature sink; and two annular plate
structures required for mechanical load bearing. The two plates act as
heat shunts, and an attempt is made to minimize their shunt loss. The
thermopile appears to be grouped as fourteen sets of bars with one pair
of aluminum fins per set. Asbestos and mica are used for heat and elec-
trical insulation respectively.

A. F, Joffe, Director of the Institute for Semiconductors of the
UeS.S.Re Academy of Solences, makes the following statements about thermo-
eleotric generstors in his book, "Semiconductor Thermoelements and

Thermoelectric Cooling," (Infosearch Ltd., 1957):

25X1
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n....s:hows.&.OCa keroscn& lw:p a&nﬂf&@tured in the UQSOS.RQQ..'..
the inside o the {tube is heated by the hot conbustion yases and
the outside is cooled with the ald of o set of radiators. The

tenperature difference cresled in llis way swounis to R50=-300° C,;

this gives a few walis of electiric energy for feeding a radio

receiver elssesesssinows a nore poweriul babltery rated at 15-20

watts which is mounted on a kerosens burner and used to feed radio

transulluers used in agriculiural work, Tnermoelectiric vatieries
sre used in tractors in place of dynawmwos,

Hore poweriul generators with capaeities of 20U and 500 watts
are slso belng manufactured, These generators use all types of
fuels (firewood or peirol) snd are intended for the North, 4
furnace generating 200 watts consunes approximstely 2 kilograums
of firewood per hour,"

It nust be clear from this snd other material that what is being
indicated ia thermoslectric conversion from heat to electricity at
levels or at wost a Lew per centa OFf all pueh developnents, the lamp
belng reported ou hers is the oldest and crudest production exauple,

We have taken the trouble to characierizme its perifornence beeause such
characteriaation is a typieal introduection to this class oi such devices,

The lamp is thus basicslly & low~ef{iclency generator of electric
power for = radio. In particular, the iustruction booklet furnished with
the laup indicates the terminal outputs shown in ¥Fige 4. The lanp fure-
nisnes an independent A supply of l.” volts; and & second supply of 99
volts, tapped to furnish a B4 supply of 90 volis; aud a negative € bias
Oi‘ 9 Vol‘ta.

Noraal operation of this particwlar laup using the kerossne heat
supply, turned up full,; provides &9 volts B34 supply, &9 volts C supply,
2¢6 volts A supply for no externsl load condition, Experimental coudie
tions were chosen to approvinately mateh this situation but to not excend

VIO

it seriously. No determination of asaximun safe output wes made, nor of

the factors on which this limit cepends, 25X1
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ZXPEELENTAL (TASURING TBCLNICUS

Useful evaluaticn ol the theruceleciric converier requires cualori-
cetric teciniques; it was preferable that it be .ade usin an elecuric
eneryy input, rather than the keroseane heal of cosbustion lapute Lhus
input heauiny vas acconplished by the use of six ‘quarta wube laborotory
heaters (aichro.e resistunce = 125 wstt noninal ratiang) iuserted into ihe
chunnels oz the heay diffuser core aad packed in place with L0 sech
alwilnua granular powder. ihe heaters wers parallel fed fro: an suuo-
transiorier, Lhe povwer was ioniiored by o watticters Houe of Tho detalls
of the test setup way be noted by refercace to Fige S

+he systen as s whole was ilsolaved as followst ‘the heal core wss
axdally iusulsted by .achined blocks of asbestos bLoara, uthe lower uet off
Ulocks serviny as the suppors stand for the generator, .he cold cink was
cooled by ceries-coanected, water-cooled copper tubes insualled Lo the
£in elawp chaunelsc. Jhe 1/d-inek 00 eopper tube lsy in ueven "li-chaped
soctlons, one leg of which wao threaded hrouch ope cold jyuneliouw elaup
with low melting solder (47 ©C. i.pl.) cast into place sround 1t
Anproprlatoly=ciued plastic tubing served to lesd auu conuect the copper
tube sections. waber for coolin: was obtained by rezulabing the ilow
rabe and teuperaiure ol waler fron ihe cold tep cupplye whe waler was
warsed to very uearly roou temperature. Idiulenc of asbestos paper wera
glipped over tha cooling fins so 4s (o uinicize heal ezchunge. UThe cold
junction was operated cloue to roou beiperature, alsc, Lo seep heal
exchan_e low., Gooliny water coiing out of the jenerator was run luio u

sessuring raduste to deteraine the {low rave and tesperature. 25X1
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Nine copper-constantan (28 gauge) thermooouples eounected to an iece
bath xero refersnce were used to measure generator heat source and oold
sink temperatures., Cold sink temperatures were measured against the
aluminum eocling fins, with the thermoocouple buried in the cast, low
melting alloy, at tin vater-cooling inlet, midway fin, and outlet fin,
Heat source temperatures were obtained from thermooouples pressed into
holes drilled into the heat diffusion eore, located as shown in Fig. 5.

Figure 6 is a photograph of the test setup.

25X1
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b
a) Effective thermal conductance of the generator

It is of utility to characterige the effective thermal conduotance
of the generator. The data shown in Table 1 permits this estimate, In
Table 1 sre the input wattage, the lowest temperature measured in the heat
oore, and the highest temperature measured in the root of the fins, These
neasurements permit one to assess the nominal conduotance that might bq
charged to the thermopile (i.e., thermoelements plus thermsl realstance
of electrical resistance plus a smsll condueting segment plus resistance
into the fins, minus shunting resistance).

TABLE 1
Nominal Thermal Conductance of Generator

Temperature at

Input Power Heat Source Cold Sink Temperature Condustance
Nominal "True* o Drop
watte °c. "Ca °c. watts/oC,
350 325 306 33.C R73.0 1,19
300 279 254 31.5 222,5 1,25
200 186 184 28,0 156.0 1.19
100 93 97 20,5 76.5 122

Average 1,21
From its nominal oylindrical dimensions, the condustivity, k, of en
equivalent homogeneous oylinder would be

AT 27h

ks = conductivity

d]l = outer diameter (= 4 3/4 inshes)
d2 = inner dismeter {= 2 inches)

h = oylinder height (= 5 inches)

k =. 0,026 watts/om. ©C.

25X1
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It may be neted that this eenduetivity lies in the range between
the good thermal insulaters and the good thermal eenductors; i.e,, in a
range that may be assoeiated with the ssaicondusters.

b) Output eirsuit charasteristiocs

With & oconstant input heating power maintained, the woliage-ourrent~
sxternal added resistanee charsoteristic was measured at eaoh of four
input powers (and therefore ocorresponding temperature drops). The external
measuring sirouit is shown in Fig, 7. The data thus obtained sre shown
in Table 2,

Since the messurements were made on s somevhat crude basis, it was
deairable that measured values be anslytically refined to some extent,

(A) Plste supply oireuit

Independent terminal veltage, owrrent, and external added resistanece
neasursasnts were made, Their self-censistency vas first shecked by
noting the self-censistency with which one gould estimete the velimeter
resistance, demoted as Ry, by the relation:

YEy = /¥ - 1/By

In celumn 6, are the estimates of 1/Ry. It mey be noted that a reasonsble
estimate of sbout 0,000019 ohms™' is ebtained (with an average deviation
of about 5 per eent). Thia cerresponds to about 52,000 ohms (or about
500 ohms per volt), which ohesks the nominal stated and measured charae-

teristies of the meter. 25X1
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TABLE 2

A, Plate and bias oircuits in series

Ry
ohms

150

200

400

800
1000
1200
1400
1500
1600
1700
1800
1900
2000
3000
4000

8000
10,000

400
800
1000
1200
1400
1500

1700
1800
1900
2000
3000

6000
8000
10,000

[
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EXPERIMENT NO, I - 350 watt input

I /v /B4 1/Ry
amps
. 0 53 - . 00667 -
0495 - »005 -
'y 045 - . 0025 -
0378  ,00127 .00125 .00002
o035 ,00102 »00100 »00002
,0328 ,000851 ,000833 ,000018
,0308 ,000734 ,000715 ,000019
.0298 ,000681 ,000667 000014
029 ,000645 ,000625 ,000020
0281 ,000604 ,00058¢ 000016
.0273 .000568 ,000555  .OOOOL3
0268 ,000547 ,000526 ,000021
.0261 .000520 ,000500 ,000020
.0211 .000352 ,000333 000019
.0178 .000270 .000250 ,000020
0138 .000189 000067 ,000022
0112 ,000144 .000125 ,000019
0099 .000122 ,000100 000022
. 0021 ' 0000224 - had
EXPERIMENT NO, II =~ 300 watt input
.0360 - .0025 -
.0305 - »00125 -
0265 - 000833 -
0248 ,000733 .000714  .000019
0240 ,000690 ,000667 .000023
0234 .000648 ,000625 000023
0228 ,000612 .000588  ,000024
0221 .000570 .000555 .000015
0216 ,000539 .000526 ,000013
0212 ,000522 ,0005 «000022
0171 ,000353 .000333 .000020
0145 ,000271  .000250 ,000021
.0112 .000190 ,000167 ,000023
0092 ,000146 .000125 ,000021
.008 ,000123 ,000100 ,000021
00175 - - -~

SECRET

1/R v I
Corrected Values
volts anmps
0069 7.94 053
00502 9.85 0495
«00252 17,86 o045
00127 29,8 ,0378
00102 34.3 .035
.000852 38,5 .0328
000734 42,0 .0308
000686 43,6 0299
000644 45,0 0290
000607 40.4 »02815
000574  47.8 0274
000545 49.1 »0267
000519 50,6 0262
.000352 60 .0211
000269 66,0 0178
000186 73.5 0137
000044 77.8 0112
.000119 82 .0098
000022 94 .0021
00252 14.2 .0358
.00127 23.8 0302
«00102 27.6 0282
000852 30,8 0262
000734 33.8 .0248
000686  34.9 .0239
000644 36,2 0233
000607 37.3 0227
000574 38,7 .0222
000545 39.8 0217
.000519 40,6 0211
000352 48.5 0171
000269 53.6 «0144
000186 59.5 0111
000144 63.5 .00915
000119 65.1 .0078
000023 76.1 .00175
25X1



Sanitized Copy Approved for Release 2010L0_52/.1_0

INCYARE R

-

TABLE 2

A, Plate and bias circuiis in series

K,
ohrs

300
400
500
1000
1200
1400
1500
1600
1700
1800
1900
2000
3000
4000
6000
5000
10,000

300
700
1000
1500
2000
3000
4000
5000
6000
7000
2000
10,000
20,000

v

volls

19.5

3.0

6.5

Be5
11.0
13.0
15.5
17.0
18.1
15.0
19.5
20,0
20.9
1.9
45

aps

0249
0238
.0203
.0190
0178
0168
. 0164
0160
0155
0151
0148
-0343
0116
-0099
.0076
+0063
+0055
0010

EXPERIMENT NO,

»0121
»0110
0094
0050
.0070
«0055
0046
0039
+0035
.0031
+0026
.0023
+0012
.0001

1ttty

. 000267
-000181
000143
.000122

Tt 1 11

-

000354
«000269
.000215
000182
000156

L

LI

.00333

00250

00125

»00100

.000833
«000715
000667
.000625
000588
«000555
.000526
000500
.000333
«000250
.000167
.000125
»000100

.00333

-00143

.00100

000667
000500
000333
«000250
+000200
.000167
+000143
»000125
+000100
.000050

o
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EXPERINENT NO. IIT ~ 200 wsit input
I /v 1/8, 1/k,

LN I TS S B NS T D S AN A |

—~—

.000017
000014
»000016
.000022

-

IV -~ 100 watt ioput

L2 B O |

«000021
.000019
.000015
000015
.00C013

LI I |

Average

0.0000192

1/k v I
Corrected Values
volls  smps
00335 T4 <0247
00252 9.5 «023u
00127 16,0 .0203
00102 19.0 0194
000852  21.5 0153
000734 23.5 0172
L00686  24.5 0168
000644 25,5 0164
000607 26,2 0159
000574 26,7 0153
000545 27.5 0150
000519 23,1  L0L46
000352 33.5 0118
000269  36.¢ 0099
000166 41.5 0077
000144 43,8 .0063
000119  45.6 00545
000019 53.5 0010
«00335 3.6 0121
« 00145 7.5 0109
00102 9.0 0092
000656 11,5 0079
000519 13.3 0069
000352 15,5 «0055
000269 17.0 0046
000220 Cel 0039
000186 19,0 0035
000162 19,3 .0031
000144 20,0 0027
000119 20.6 0024
000069 21.6 0015
000019  24.5 0005

25X1
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| TARE 2
5. Filament eirouit |
SXPERIMENT O, I - 350 watt input

R, v X v R, S S
E 1 . Qerrected Valweg . :
obms volts anps mhos chms  obhms volts anps.
0 e.“ ) .7‘ 10“8 .61 o BN o” .17 s
1 0.85 518 680 47 L8 85 ;15
Q. 1.8 470 398 52 248 1.7 - WA
s 1.5 49 .22 n &.4.3 1.5 o345
. 6 372 L275 +160 34 b 174 o272
8 .85 .30 19 .55 . .g3s 185 - .2
9 1.90 A0 «1106 21 9.32 193 - 207
10 10” 190 OV74 50 10.27 . 1.95 «190 -
” zo" tm 003” - } 38 076 2027 . om
50 2.’2 '°” . ‘w - ‘503 20’3 Y o’l
1“ 26” ‘m .Om - 83.‘ . 3.38 .m
=0 2.42 - - - @ 510 242 00474
EXPERIMENT ¥O, II - 300 watt input
0 38 58 1.527. 63 48 29 S
1 72 o‘w 06” : J7 l.48 . i“ .W
2 95 358 37 &7 248 | .92 <370
3 1.15 295 2566 92 3.46 11 8
6 10,‘ . on6 1588 038 60‘0 - -2 VO
8 1048 01” cm 0‘5 8 t’s 10“’ . 177’
9 1.52 162 2066 56 9.32 1.5 162
10 1.55 155 «100 « 20 10,27 1.56 1515
’o 1021 oﬁg .ggi’:z - m.:‘ ‘ %026 o?‘?“
” 10 5 [ . - ® . .
100 1.90 .022 0116 - ' go‘ 1.9 «0229
‘ S0 1.” - - - Oy 510 1.” .00’3

25X1
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TABLE 2
.... Mlanent sireutt
o EXPERIMENT O, III - 200 watt fnmput
| \/ I /v B, R v I
, - Corrested Values
okns volts anps nhos  ohms ohms volts anps
0 o25 408 1,633 612 A8 20 Al
1 .’0 6336 !“ 0’7 10“ 6“ 032‘
2 0“ jw 03“ .341 2-“ 062 035
3 73 2 +280 573 3.46 T4 24
‘ 682 01’ om ) om ‘0" 083 .m
@ 6 92 015 263 L 6.40 96 AT
8 1,00 +124 124 «20 8,38 1.02 22
9 - 1405 11 «105 T 9.32 1.04 J12
10 1.05 le .103 - 10.37 1.08 .105
30 1021 ' .0& 00331 - 3076 1.20 .w‘
30 1.25 03 +0240 - 45.8 1.26 +075
1w lo’o 002 001“ - 830‘ 1030 ¢0157
= 1.52 Phad - - @, 510 1.32 «00264
EXPERIMENT NO, IV ~ 100 watt input
0 .08 .m 20025 O‘” 0‘8 Om 0162
1 17  «22B «7525 332 1.48 19 -128
2 025 ‘m -424 0”1 2.‘8 o“ 'QM
3 02’ - g 03325 o’“ ’o“ .337 .WJ
7 34 U&7 1382  ,23 7.40 o345 «0466
10 o” o0375 om - 16027 0385 00”’
30 Y 00168 00336 - ao% o“" .0155
70 o" 0073 om-”’ - 6109 om .m
1” o’o : -005/.5 .0109 - 830‘ 0‘92 om”
=< ." . - - - Q. 510 ' 0’8 om
Average
. : 0.48 25X1
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It is then possible to eorrest the measuremsnts to specify the sstual
load placed on the gemerator, fors

L

R TR, "R,

The true external load, charssterised as 1/R, is given in sclwm 7,
Por eoluans & and 9, the errors in the measured values of V and I

are split uwp between the voltage measurement and the eurrent measurement

to refine an ostinate of ¥ and I, on the basis of R, ubieh is now taken

as being eorreot, Mnﬁnodoaﬁuhsmnbminnlm&ud?.

(B) Filament eireuit

Yor the filament eirouit messurement, viring resistance may not be
neglested, Thus it is necessary to use the relation:

I _ 1 1
Rv + R;er
Measurement of the meter resistance gave
Ry = 510 obas

Thus R, vas estimated, for self-eensistenay, frem

._ : /
Rw ) -Q/\, - VRV R
In column 5 are the estimates of R, It may be meted that an approximate
estinate of 0.48 ohms is obtained,
It is then possible to correst the measuremsatsto spesify the astual

load phood on the generator, for

X

25X1
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w)de

This e shows 10 eslom 6.

Jor solumms 7 and 8, the ervers ia the neaswred values of V ead I
mﬂtvwﬁuxﬁmm-ﬂﬁmm
% refine the eotinets of ¥ ant I.

Ve nay nov eraisly emaise the wltags sheresteristis. Noglesting
~ the asmster resiotonss ia the plste eiveuit measwrenect (or asteally
.wuuwunmmmmaﬁ
Smamter resisianss),

Val-Xr
v-mm(m—:a)

x-m
s isdasesl soures resistance
n-mmua

or nod negiseting the eomster resistense
YeRe=I(rén,)
The wee ve will put these equations %0 is as follews:
mmm&ﬂh»mmhnn“
smothly werying fwmsttens of eursent, I, end soures tenperetare (1.e.
auwes power). In the liaih, ss owrens, I, appvecshes sere,
E— B,
®— T

n,.nmmtmmpmd)
Fa = e 30 Joad resistense of the gemerator

One vonld sxpeet, o0 an appreuiamiion, that bodh B sad ¥ weuld de
osstants very neavly. Touwever, here wo will basioally only wee the fast
o ostiande By and ¥, Fig. & end S0 ave plote of ¥ againet I (sedeme
8 and 9) for the plate mpply, end colmme 7 end & fow e filment agply).

25X1

SECRET

Sanitized Copy Approved for Release 2010/05/10 : CIA -RDP80T00246A007500240002-1




' ornnprCT
Sanitized Copy Approved for Release 2010/05/10 : CIA-RDP80T00246A007500240002-1

@ 2o

Is aay be meted that the clmresteristies are wvery, very neerly linewr

(3.0., the genereter soures charestoristis is esssmtially culy & “esastemt®
 thumsalostrie valtags guervier, in which the theruselostrie veltegs
Gpends euly ou he (epereters diCToreuse; and over the Vagersture renge
Seostod, the internal resistense 1s “veny nearly a esostemt®),

Howovar, 1t vill e moe eonsstvative to cnly estisste fyom these
data the 0 Joad themmal woitage and that wo speienstio varistion in
iuternal sesistense with tenporetare sver the teaperature renge teshed
eould be femd, |

ummnmmmwmummms
m.mwwmmmmmnmw

o aeut sugply inSevual vesistaame).
| TARE 3
Bo leed Genavator Supply Cherastaristios

woE. O udf. RS S
350 X 152 x.u" RS
00 9.2 0 .97 254
200 55.2 1520 3% .54
pT ] 25.8 1220 2 2.5

(6) Jower inpub to gemereter
he powr svellebls %0 Whe gemerator eould enly be estinsted fyom
Mow sush power eould bo messwed salorisstirisslly st Ahe ontput. This
o nessurengt wos erude. The Dest rough estimate thel esuld be mede vee
et 7 por esmt 0f the jower vas 10st Mueagh otder neene (3.0., 93 per 2"

b of the power was availshle 4o the geuewetors).
SEPRLT |
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Furthermore it wvas not poesible to oatiugto, exvept erudely, vhad the
mun pover division was between the two sourcss, Fron geometric
fagtors, it appeared that the division might be approximately three-
quarters to ono-qwt& between the plate and fihnont supplies, On a
pesk power basls, the division appesred to be 0,70 to 0,30, The latter
figure will be adopted,

Thus the source power for the two sources is assumed to be!

TAKIR 4
Total Total Powver in Power in
Powver Sowree Pover - Flate Filamsat
vatts vatts watts wvatts
350 325 228 97
. 300 9 195 84
200 186 130 %
100 93 65 28

(D) Heat souree tempersture

Study of the various temperatures measured in the high temperature
seurce gore (See Fig, 5) suggested that the follewing tebulated values
were the lowest temperatures found in the esre,

TABIE 5

Total Power “Souree* ':.e.mtm

watts
350 306
| R  , 300 254
) . o S 200 184 25x1 |
100 97

| “FCRFT |
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These veluss sbould be interpreted as the lowest soures tesperatwre
AL the genarater 1s to be eharged vith its elestrieal insulation from the
soures. In this ease, the insulation eonsists of & thia layer of slightly
erwshed miea interposed betwsen the core and t&-mmolmn. The per-
formenee af the thermoelemsnts themselves are not estimated here.

() GCold sink tempemature

The varmest temperature on the 00ld receiver eide vas fownd in the
exit calorimetrie scoling water. If it were assumed that a heat exchange
in ascordance with the logarithaie temperature differenee took phoo, then
the effective sink temperatwre (&.Q. , agein an effective sink temperature
beyond elestrieal insulatien) could be estimated from thres water tempera-

. tures (entranee, middle, exit) to be the valuss shown in Table 6. These

tenperatures were all very nearly thn;cnt water temperature.

TABLE 6

Input Powver *gink® go-pontw-

watts .
350 33.0A
300 3.5
100 20.5
‘ . ' 25X1
QECRFT \
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% \
THEORETIOAL ANALYSIS OF GEMERATOR PARAMETERS

Ioffe gives the folloving analysis of the generator: The heat power
consumed from the souree, Q, is given by

Q=Q,+Q,- 1= Iy

Q = heat transferred by eonduation
ﬂa'mun bheat abssrbed by the hot jpnetion
Ar u one-balf the Joule heat predwoed in the
thermoslement whish is retwrned 1o the soures

m.ml

.(r; To) = the thersoelestric eaf
r = internal rexistanse of gensrator
R = external losd eonneeted to generator

) v, &L(0-T,) _y (- T)
Qe K(r ) SRR 20

The useful power, W, delivered by the generator is

W =T?R

vy (T -T)R
W (R+r)?*

25X1
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Fron these twe relations for the soures heat flux and delivered sleetrie
power, the terminal voltage-sxternal resistance eharacteristic of the gen~
erator may be derived as follows:

Ve VR
V = terninal woltage

4 eritical first test of the adequacy of the Ioffe analysis may be
had by testing the constaney of the therscelectrie potential vwith varying
pover, In Fig, 9, are plots of 1/V versus 1/R from the data in Table 2,

nee / ‘
(+g)=a(T-7)3)
linsarity at constant temperature would demonstrate the consteney ,.°f
T (w ry) and the constanoy of @&, Within the experimental dnbr, ﬂndau
indleste Mnearity. The importent inforsation to be galned from Fig. 8 is
the indleated eonstaney. This is not too mpmug because this lewp is a
""nry lov efficienay deviee (i.e., efficiencies of the order of 1-25) so that
there 1s little redistributien of talporttm due to the passage of eurrent.
The most that could be eonoluded from the data is that over the temperature
range tested (or mean temperaturs range tested), the reaistance is a neg-
ligible function of ‘th, and the thermoelectric potential nearly so.
The folloving refined daﬁ thus result from Fig. & and 9.
TARLE 7
Suamary of Kleetrioc Mwauu

A. Plate Supply
25X1
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- Rmee N S G

® >
Mean
Nominal Astual Source 8ink Mean Temp. Resistance Thermoelestris
Total Power Power ‘ranp. Texp, Temp, D&tf. Goefficient
vatts vatis . % °c. c. ohas volte/°C,
350 228 ;306 33 170 2713 1850 30 «3607%,004
300 195 B4 315 13 2.5 1850 356,004
200 130 184 28 106 156 1850 «3487%,006
100

65 97 20.5 59 76.5 1850 19
| | Average %

B. Filament Supply

350 97 36 33 170 3 2.52 .03 .0089%,0001
oo 84 25 3.5 U3 222.5 .52 +0088,0001
200 56 18, 28 106 156 2,52 +00867,0002
100 28 97 20.5 59 76,5 2.52 4
8 irenes SR
. If now we add the previous estimated eonductence of 1.21 watta/°C,

total or 0,85 watts/®C, for the plate supply (708), and 0,36 watte/®C, for
the filsment supply (30%), it now becomss possible to estimate the figwre
of merit, Ig, for the gemerator as a whole.
Zg = W/kr
Strietly this does not pernit assessment of the point value of z‘. but
only 30, where 3.0 1s defined by ;2
Zgo =L (& )
R

However, ve have shown, to the aceuracy measured, that i does not dcpond "
on current and is a small or negligible funetion of temperature, and that

1 1s almest certainly a constant. Thus B
o | at )
Zgo = ro cf ( K

R’_? =< | 25X1
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Nou the first therwal sondusticn equation iadicstes thet, for the
nhdu_naueu(l*%)

S » K(73-%;)

1.6., thls oqmation defines the liniting valus of X yequired for measwring
8‘.. Nowover the thersal £1ux ssesurensats made were uader thess 2o lned
wofitisns. Thas 1% 16 sorrest and valid %o nehe use of the smdustense
figmres 0.85 varte/°C. for the plate supply and 0.36 WAta/S0, for the
filennt swpply os Jyepssed. The results for figwe of serit ave thus
shown in Table &,

TABL3 8
Figure of Verit
s Plate Supply
Noninal Yoen Roststance Yean Condustanes
T T A e T e BR
walte/®0,
3 0 3.0 1850 <360 0,85 R T
‘300 143 2325 %0 358 0.85 08
200 106 156.0  18%0 48 085  .om
w0 .

76.5 1850 . 0.85 '&ﬁ' .

B. Mlement Swpply

3 170 230 R .09 X a—
N W ms 2% 0088 0.6 086
00 106 1560 2.3 .0086 0.3%  .om
W N %5 N 0.96
w8 W
SFCRET
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nmndntuidmminnm.MNuﬂutumnotummplahmeM
ntnumtupnﬂmn.CMunwumdmbfmmtu;Hiﬂwtﬂntumnor
merit has a slight temperature dependense, falling within the band ahowm,
or has no tempsreture dependenss, falling within the larger wmeertainty
band shown (1.6, 0.078x107%0,000x10°3 °c72),

25X1
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TCF VIEW OF T3gk2-2
Shoving fin elasping systes et e0ld junations,
aluximaz bheat~-spresding spider in Mot sone,
and terminal conneetion

25X1
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Heat Spreader.

Terminal Board
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Cold Junction Aluminum
Sheet Cooling Fins.

Upper Assembly
End Fitting.

Asbestos

Mica

Electrical
Connector
Strip.

Semiconductor
Thermoelements
In Stacks.
Lower Assembly

End Fitting.

Cut Away Sketch
Exact internal structural
details are Unknown.
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SCHEMATIC OF GENERATOR TERMINALS

Experimental loading of generator was made with the plate and
bias supply in series--terminal No. 1 to terminal No. 5--giving
nominally 99 volts (as recommended in the Instruction Booklet

when the 9-volt bias is not separately required).

FIG. 4

25X1
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S>tCREN

HOT ZONE MEASURING
% oS Thermocouple tion
TC No. Hole Depth
J No. 5 14 inches
:
o Ch Z 1
9 9 1}
TOP VIEW OF HOT ZONE
HEAT SPREAIER
T3gK2-2
FIG. 5
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SECREI

TEST K10

Cooling fin mittens rescved from four fins to show
arrangessnt of series-connected water-ococoling tubes
threaded threugh eold junetion fin oleaps

¥I0, 6
25X1
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GENERATOR AND LOADING CIRCUIT OF TEST SETUP

L
‘éJ\ﬂ\
\_/

Ry
Ra (includes wiring resistance)

A. Plate Circuit

Ry, is negligible

Ry is negligible

I/V = 1/By + 1/Ry

V-E-TIr .. 1l/R(effective) = I/V = 1/Ry ¢ 1/Ry
B. Filament Circuit

I/V = 1/R; + 1/(RydRy)

V=E-I(r+Ry)

FIG. 7

25X1
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AT SPECIFIED NOMINAL TOTAL INPUT "THERMAL" POWER

VOLTAGE-CUREENT CHARACTERISTIC OF B4 (WITH "C® SUPPLY IN SERIES) GENERATOR SUPPLY

P E,

350 97.8
300 79.2

55.2
100 25.0

)
Qbna

1820
1840
1860

770

1820 Av.

144348

25X1
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VOLTAGE-CURKENT CHARACTERISTIC OF A-GENERATOR SUPPLY

AT SPECIFIED NOMINAL TOTAL INPUT "THERMAL® POWER

2.* P Eo b of ‘RA
Watts Volts O
2.2 350 2,47 2,77
300 1,97 2,76
200 1.34 2,75
20 100 ~56- 2,72
‘ 2075 AV.
221 = R
18 2,54 4

3 ¥ o

2
Arperes
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B4 GENERATOR SUPPLY (WITH "C" SUPPLY IN SERIES)

P &(T1-To) .T&-To

datts Bolts oltg[f N oJ_.tg[°C,
350 100,0 273 366 <356
300 80.0 222,5 «360 .356
200 55.6 156 356 «354
100 25,7 76.5 .336 <327
Averuge

r = 1850 ohms$30 ohms
2 = 0.3540,015 wvolts/°C,

o

- .0008§ -.0008 o

VLU |

1/R

.0002
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A~ WR SUPPLY

2.0

/8

,c‘ !

14

1.2

1.0

’
rot RAL 2,70 ohni rot R‘ = #.75 |
! ' RA n 0421 ohnas '
B SR 1 0% FO I . &-ﬁ ‘ n' R S
mn ~Yolts  _OC, _J_L_Q..Vol 5/°C, .
390 244 273 ,00894,  .00905
300 1,96 22,5 ,00881  .00885
L2000 135 156 00866 00859
1000 .52 76.5 .00680 ~ ,00680
Average
r = 2,544.03 ohns
% = 0,00844.0006 volts/°C. *
]
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N
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v
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